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® Components and catalysts for the polymerization of olefins. 

<§) Catalysts for the polymerization of alpha-olefins which 
comprise the reaction product of: 

a) an Al-alkyi compound; 

b) a silicon compound containing at least one Si-OR or 
Si-OCOR or Si-NR 2 bond, R being a hydrocarbyl radical; 

c) a solid comprising as essential support, a Mg dihalide in 
active form and supported therein a Ti halide or a 
halo-Ti-alcoholate or said halogenated Ti compound and 
a silicon compound as defined in b) in a molar ratio with 
the supported Ti compound from 0,1 to 5 mole of silicon 
compound per mole of Ti compound. 
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DESCRIPTION 

The present invention refers to new supported com- 
ponents of catalysts for the polymerization of CH 2 =CHR olefins 
wherein R is an alkyl radical with 1 to 4 carbon . atoms , or an 
aryl radical, and mixtures of said olefins with ethylene and 
the catalysts obtained from said components. 

The supported highly active and highly stereospeci- 
fic catalysts up to now known for the polymerization of 
propylene and higher olefins,, are obtained by the react 
ion of an Al-alkyl compound partially complexed with an 
electron donor compound (outside donor) with a solid com 
ponent comprising a Ti compound and an electron-donor 
compound (inside donor) supported on a Mg-halide in ac- 
tive form. ^ 

Examples of such catalysts have been described in 
British Patent No. 1,559,194 and Belgian Patent No. 
868,682. 

The above supported catalysts need the use of an in- 
side donor in order to obtain polymers having a high iso- 
tactic index. If the inside donor is omitted polymers hav 
ing low isotactic index are obtained. 
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v been found that it is possi- 
It has nov; unexpectedly Been 

bl e to obtain with hi* yi.ia POly^s of alpha olefins 
nevin, a hi* isotaotic i»ae* by usin, Ti-containin, H 9 

a 4-ai vsts free from inside electron 
aihalides-supported catalysts ire 

aonor co^unas if an outsiae aonor is use* which - • - 
Ueon co W ouna containing Si^OS. — or Si-*, bonas. 

U has also unerpectealy been f«-a. that the ectivi- 
ty .tereospecificity of the cataXyat, can he further 

incraasea if the silicon co^ouna usea aa outsiae aonor 
15 prM ent as insia. aonor aiao in the Ti-contai»i» 9 m 
aihaiiae-aupportea consent in amounts correspond to 
Ml « ratios between the silicon co^ouna ana the suppor- 
tea halcenatea T i-co»pouna ecpris.a between 0.1 ana 5. 

Th e above results are surorisin. if n~ consiaers 
that catalysts are -own which are ^re^by^^ 
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as inside and outside donor a silicon compound containing 
Si-O-C bonds and which do not offer a performance in terms 
of activity and stereospecif icity better than the one ob- 
tainable with catalysts in which an ester of benzoic acid 
is used as inside and outside donor • 

The rather poor performance of the above prior art ca- 
talysts is due to the fact that the Si-containing inside 
donor is substantially removed from the Ti- containing sup- 
ported component as result of the method of preparation of 
said component. 

The catalysts of this invention comprise the product 
of the reaction between the following components: 

a) an Al-trialkyl or Al-alkyl compound containing 2 or 
more aluminum atoms linked to each other through oxy- 
gen or nitrogen atoms or through S0 4 or S0 3 groups; 

b) a silicon compound containing one or more Si-0R f 
Si-OCOR or Si-NR 2 bonds (R being a hydrocarbyl radi- 
cal) ; 

c) a solid comprising as essential support an anhydrous 
Mg dihalide in the active form as herebelow defined 
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ma s n PP o rt .a on s.ia aih.liae a Ti-halia. or 
10 elc=hol.« or the .oUd c, covins s„ PP ortea 
herein also a silicon c«po»a as ae £ inea in M in an 

- „ ^atio between the sup- 
^t corresponding to a molar ratio 

^ the supported halogenated 

ported silicon compound and the supp 

m mnr * se d between 0.1 and 5. 

Ti-compound comprised 

, « Mn dihalides forming the essential 
The active anhydrous Mg dxhaixa 

soppOT t oi cedent c, « *e - — ~— *" . 

^ x . ras pOT ae t s P ectwHi o £ c„*onent c, a 

« llMt 30, o £ the — intense faction line -Hi* 

app ears in the P o»aex s P e=t™ of the =orres P onain 5 al- 

haliae having 1 m 2 /9 » £ « 

Uaes showing . «, P-aex s.ect™ - «* 
„ ai ££ x.etion line is re P lacea h y a haio -i*h the 
intensit, .ea* shi £ t.a — res P e=t to the intex.lan.x 

. of the most intense line ana/or are the Mg ai- 
distance of tne iuw=»w 2 

Th e a«ae» r e„ent o £ the snr £ .ce are. o £ the Hg aihali. 

* ^ after treatment with boiling 
des is made on component c) after 

, v> The found value is considered as sur- 

face area of the Mg dihalide. 

- £o«,s of Mg dihalides are those showing a X- 
Very active forms ot -*3 

tMB in which the most intense diffracts 
ray powder spectrum xn wni« 
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line appearing in the spectrum of the corresponding hali- 
2 

de having 1 in /g of surface area is decreased in relati- 
ve intensity and broadened to form a halo or are those in 
which said most intense line is replaced by a halo having 
its intensity peak shifted with respect to the interpla- 

nar distance of the most intense line. Generally the sur 

2 

face area of the above forms is higher than 30-40 m /g 

2 

and is comprised in particular between 100-300 m /g. 

Active forms are also those deriving from the above 
forms by heat-treatment in inert hydrocarbon solvents and 
showing in the X-ray spectrum sharp diffraction lines in 
place of the halos . 

The sharp, most intense line of these forms shows a 

broadening of at least 30% with respect to the correspon 

2 

ding line of the Mg dihalide having 1 m /g of surface 
area. Preferred Mg dihalides are Mg dichloride and Mg 
dibromide. The content in water of the dihalides is gene 
rally less than 1% by weight. 

For Ti halides or Ti haloalcoholates and esters 
supported on the active Mg dihalide is meant the above cor 
pounds which may be chemically or physically fixed on the 
support, not extractable from component c) by treatment o 
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^ ^ <n«,r 1 - 2 -dichloroethane for 2 hours, 
the same with boiling 1,2 dicnio 

tter in any order, preferebiy. however, components .) 

a v,„f ore being contacted with ccmpo- 
and b) are premixed before being 

nent c) . 

Th e pre-mixing of a) and b) is conducted at tempera 
^comprised, usually, between room temperature and 
th e temperature used in th. polymerization process. 

of c) and b) may be carried out 
The pre-re action oi cj anu 

.+i»bs Compound b) may be also in- 
also at higher temperatures, corn? 

* a ma fle to react with component c) itself, 
corporated and made to rea 

Component b, is M ae to reset in • -1- ~**> ^ "* 
peet to th. blooensted Ti corona supported on oompon- 

<~« " " ° £ *" 20 

ana preferably comprised between 0 .05 to 0 .3. 

«i a -r ratio between the Mg diha- 
in component c) the molar ratio d- 
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lide and the halogenated Ti compound supported therein is 
comprised between 1 and 500 and the molar ratio between." 
said halogenated Ti compound and the electron-donor sup- 
ported on the Mg dihalide is comprised between 0.1 and 50 
The silicon compounds set forth in b) include compounds 
of general formula: 



R SiY X 
m n p 



wherein: 

r is an alkyl, alkenyl , aryl, arylalkyl, cycloalkyl radi- 
cal with from 1 to 20 carbon atoms ; 
Y is a -OR', -OCDR'. -*V wherein »• . either equal to or 

different from R, has the same meaning as R; 
X is either a halogen or hydrogen atom or a -OCOR" , -NR^" 
group wherein R" , either equal to or different from 
R* , has the same meaning as R f ; 
», n and p are numbers comprised respectively between: 
m between 0 and 3, n between 1 and 4 and p between 0 and 
1 ; and m+n+p is equal to 4 . 

Other silicon compounds that may be used are com- 
pounds in which two or more silicon atoms are bound to 
each other through oxygen or nitrogen atoms . 
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Examples of these compounds are hexaethoxydisiiox*ne . 
simnetrical diphenyltetraethoxydisiloxane 
(C 2 H s O) 2 -Si-0-CH 2 -C3 2 -0-Si- (OC 2 H 5 ) 2 



C 6 H 5 C 6 H 5 



Preferred silicon compounds are: phenylalkoxysilanes 
as phenyltriethoxy or trimethoxy silane , diphenyldimethoxy 
and diethoxysilane , monochlorophenyldiethoxysilane ; alkyl- 
alkoxysilanes as ethyltriethoxysilane , ethyltriisooropoxy- 
silane. 

Examples of other suitable compounds are: chlorotrie- 
thoxy S ilane , acetoxytriethoxysilane , vinyltriethoxysilane , 
butyltriethoxysilane, triphenylmonoethoxysilane , phenyl- 
tricycloethoxysilane , phenyldiethoxydiethylaminosilane , 
tetraphenoxysilane or tetralkoxysilanes as tetramethoxy- 
silane. 

* in the catalysts of the invention the silicon cora- 
~pound is .'present in . a" _ combined .'form ."ihlthe solid product ~- 
of the reaction between the various catalyst- forming com- 
j ? onents, in a molar ratio between the silicon compound and 
' the halogenated Ti compound greater than 0.05 and generally 
! 

' comprised between 0.1 and 5. 
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The Al-alkyl compounds forming component a) inclu- 
des Al-trialkyls as for instance Al-triethyl, Al-triiso- 
butyl, Al-triisopropyl and compounds containing two or 
more Al atoms linked to each other through etero-atoms 



as : 



(C 2 H 5 ) 2 Al-0-Al (C 2 H 5 ) 2 , (C 2 H 5 ) 2 A1-N-A1 (C^) 2 , 



C 6 H 5 



O 



(C 2 H 5 ) 2 Al-0-|-0-Al (C 2 H 5 ) 2 . 

As indicated Al-alkyl compounds in which Al atoms are 
linked through groups as SQ 4 or SQ 3 are also suitable. 
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The Al-alkyl compounds nay be used in mixture with 
Al-alkyl halides as AlEt 2 Cl. 

Component c) is prepared according to various me- 
thods , one of which, which is also one of the preferred, 
consists in co-milling the Mg dihalide , the Ti-halide or 
Ti-haloalcoholate and the silicon compound when it is 
used, until appearance in X-ray spectrum of the milled 
product of the modifications above set forth for the spec 
trum of the Mg dihalide and in heat treating the milled 
product in suspension in a halogenated hydrocarbon as 
1,2 dichloroethane, separation of the solid product and 
washing with heptane or a similar hydrocarbon solvent. 
The duration of the treatment is generally comprised bet- 
ween 1-4 hours and it depends on the temperature of treat 
ment. 

According to another method and adduct between an 
Mg dihalide and an alcohol is reacted with TiC^. The 
reactions are described in Belgian patent 868,682 and pu- 
blished German patent 3,022,728. 
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In all the above methods the final product contains 
Mg dihalide, present in the active form as set forth here 
above . 

Other known methods which lead to the formation of 
Mg dihalide in active form or to Ti- containing Mg diha- 
lide supported components, in which the dihalide is pre- 
sent in active form, are based on the following reactions 
reaction of a Grignard reagent or a Mg R 2 compound 
(R being a hydrocarbyl radical) or complexes of 
said Mg R 2 compounds with Alrtrialkyls r with haloge- 
nating agents as A1X 3 or Al compounds (X is ha- 

logen, R is a hydrocarbyl m+n = 3) , SiCl 4 or HSiCl 3 ; 
reaction of a Grignard reagent with a silanol or po- 
lysiloxane, or with an alcohol and further reac- 

tion with a halogenating agent or with TiCl 4 ; 
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reason of Mg »lth - .leohol ^ • halc.ni.ric 
aoia ox of »g with a hyaxoeaxoyl haliae ana an .loo- 
hol? 

reaction of MgO with d 2 or Aldj* 

^ - MoX nH0(X= halogen) with a haloge- 
_ . reaction of ng^' 2 

nating agent or TiCl 4 ; 
. xa.otion of Hg ~ or ai.loohol.xea ox H, carboxy- 
lase vith a halogenating agent. 

Tna Ti-h.liaee or Ti-haloganalooholatas . incleae 
ln oarti o»l»x the Ti-tatxahaUaaa. Tl-txihalloa. ano xi- 
-xxlh.log.naloohol.tea. Pxeferrea oo^ounaa are, TiCl,. 
TiBr , 2,6-ai.nethylphenoxytrlchlorotltaniu*. 

4 T na Ti-trlhaliaaa axe ohxalnea aoooxaing to xnown 
„exhoas. fox inatanoe hy x.aaotlon of T1C1, w«h M ox 
a „at.llorganic Al oo^ouna ox with hyaxogan. 

In caa. of th. Tl-trihaliaM it « oonvanient 
f „x th. puxpoe. of ircpxoving the oarfoxmano. of the ca- 
talyst, to oaxxy out an oxiaiz.tion. if p.rti.1, of 
th a Xit^lum. either anxing ox aftex the pxeperation of 
component c) • 
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To this purpose there may be used halogens , iodine ha- 
lides . 

Preferred catalysts are those in which: component 
c) is obtained from MgCl 2 , TiCl 4 a silicon compound se- 
lected from the groups of phenyl or ethyltrietoxysilane or 
diphenyldimethoxy or diethoxysilane . 

Component a) is an Al-trialkyl as Al-triethyl or 
Al-triisobutyl . 

One of the preferred method of preparing component c) 
consists in co-milling .MgCl 2 , TiCl 4 and the silicon com- 
pound and in treating the milled product with a halo- 
genated hydrocarbon as 1 ,2-dichloroethane . 

The catalysts according to the invention are used to 
polymerize the alpha-olef ins according to known methods 
that is, in carrying out the polymerization in a liquid 
phase, either in the presence or absence of an inert hy- 
drocarbon solvent , or in gas phase or also by combining , 
for instance, a liquid phase polymerization step with a 
step in gas phase, 

o 

In general the temperature is comprised between 40 and 
160°C, but preferably between 60° and 90°C f operating ei- 
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ther at atmospheric or at greater than atmospheric pres- 



sure. 



As a molecular weight regulator hydrogen or other 
regulators of a known type are used. 

The catalysts are used particularly suitable in po- 
lymerizing propylene, butene-1 , styrene , 4 -methy Ipentene . 
The catalysts may also be used according known methods 
to polymerize mixtures of propylene and ethylene to form 
modified polypropylenes having better shock-resistance 
at low temperatures (the so called block copolymers of 
propylene and ethylene) or to obtain random crystalline 
copolymers of propylene with minor proportions of ethy- 



lene . 



The following examples are given for merely illustra 
tive purpose and are not intended to be in any way limit- 
ing the scope of the invention. 
EXAMPLE 1 

into an inox steel autoclave of 2000 nl holding capacity, 
equipped with a magnetical stirrer and a thermometer , heat 
stabilized at 60°C and kept under pressure by a nitrogen 
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atmosphere, there were introduced 5 in mols of triethyl- 

aluminura, 1.5 m mols of phenyl trietoxysilane, the solid 

catalytic component obtained reacting TiCl 4 with 

MgCl .2.3 C H OH, operating under the same conditions des- 
2 2 5 

cribed in Example 1 of Belgian Pat. No. 868,682 and 700 ml 

of degassed and anhydrous n-heptane , while propylene was 

also fed in. The catalytic component thus prepared show a 

X-ray powder spectrum in which the most intense diffract- 

2 

ion line appearing in the spectrum of MgCl 2 having 1 m /g 
of surface area was decreased in relative intensity and broa 
dened to form a halo. 

Thereupon there was fed in 0.2 atm of hydrogen and then 
the" whole was rapidly heated up to 70°C, while contempo- 
raneously further propylene was fed into reach a total 
pressure of 7 atm. 

This latter pressure was maintained constant over the whole 
polymerization by feeding in the monomer. After 4 hours 
the polymerization was interrupted, the polymer was iso- 
• lated by filtering and then was dried. The quantity of po- 
lymer dissolved in the filtrate was thereupon isolated, 
weighed and summed to the polymer soluble in boiling n- 
heptane, for the calculation of the isotacticlty index. 



m • 

* • 
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The quantity of catalytic component used and the content 
of Ti in said component, the yield in polymer with res- • 
pect to the introduced Ti, the isotacticlty index (I.I.) 
and the inherent viscosity determined in tetralin at 35 C, 
have all been reported in Table I. 
EXAMPLE 2 

Example 1 was repeated but using a solid catalytic compon- 
ent prepared as follows. 

Anhydrous MgCl 2 , phenyltriethoxysilane in molar ratio 
Mg/Si of 6, and T1C1 4 in molar ratio of 1:1 with respect 
to the phenyltrietnoxysilane were co-milled 
in a vibrating mill of the type VTBRATOM manufactured by 
N.V. TEMA'S , Gravenhage (Holland), having a total volume 
of one liter and containing 3 kg of stainless steel balls 
of 1 6 mm diameter. 

Grinding was effected employing a filling coefficient e- 
qual to 100 g/1 of total volume (vacuum), at an interior 
temperature of the mill of 25°C, and with grinding time 
of 72 hours . 

Charging of the mill with the materials to be ground, the 
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,0 , of the co-ground product were contacted with ,00 ml 
of ,,2 dlchloroethane at 80°C for 2 hours. 
Th . .olid was then separated by filtering and then was 
„,shed with a hepthane at said temperature until th. di- 
sappearance of the chlorine ions from the filtrate. The 

,. o-tm-iiaT to that of catalytic 
X-ray. powder spectrum was similar to 

component of Example 1 . 

The solid catalytic component obtained was used in the 
Polymerisation of propylene under the ... polymerisat- 
ion conditions described in Example 1 . 

XKe results of the polymerisation have been reported in 

Table I. 
EXAMPLE 4 

40 , of MgCl, was . milled in the mill described in Exam 

pie 2 for 200 hours at room temperature. 

« , of the -ground product were treated with ISO ml 

of TiCl 4 for 2 hours at 13 5 °C. After hot filtering, th. 

treatment with TiCl, was repeated. After washing with hep- 
tane at 80°C and drying, the dry solid was used under the 
seme polymerisation conditions described in Exampi. 1. 
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The solid catalytic component showed a X-ray powder specxrum 
. similar to that of the catalytic component of Example 1 . 
The results of the polymerization have been reported in 
Table I. 

Comparative EXAMPLE 1 

200 mg of the solid catalytic component prepared according 
to Example 4 were used in the polymerization of propylene 
under the same conditions described in Example 1 but using 
ethyl p-toluate instead of PES ♦ The result of the poly- 
merization have been reported in Table I. 
Comparative EXAMPLE 2 

Comparative Example 1 was repeated but using the solid cataly 
tic component prepared according to Example 3. 
The results of the polymerization test have been recorded 
in Table I . 
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CLAIMS 

A solid component to be used in combination with an Al 
Al-alkyl compound to form catalysts for the polyme- 
rization of alpha-olefins comprising an anhydrous 
Mg dihalide in active form as essential support and 
supported on said Mg dihalide a Ti halide or a Ti ha- 
loalcoholate and a silicon compound containing one or 
more Si-Or, Si-OCOR or Si-NR 2 bonds (R being a hydro- 
carbyl radical) in an amount corresponding to a mo- 
lar ratio with the supported halogenated Ti compound 
of 0.1 to 5 mols per mol of the Ti-compound. 
A solid component as defined in claim 1) in which 
the Mg dihalide is Mg dichloride and Mg dibromide , 
the Ti halide is a Ti-tetrahalide and the silicon 
compound is a phenyl di- or trialkoxysilane or an 
alkyl di- or trialkoxysilane. 

Catalysts for the polymerizazion of alpha olefins 
comprising the product of reaction of the following 
components : 

a) an Al-tri alkyl or an Al-alkyl compound contain- 
ing 2 or more Al atms linked to each other 
through an oxygen or nitrogen atom or through 
SO. or SO groups; 



4) 



5) 
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6) 



b) a solid component as defined in claim 1 ) or a 
solid component comprising an anhydrous Mf di- 
vide in active form as essential support and 
supported on said dihalide a Ti-halide ora Ti- 
haloalcoholate . 
Catalysts a. defined in claim 3> " component 
b) is the solid a. defined in claims 1) and 2). 
Process for the polymerisation of alpha olefins 
CH -CHR i» which R is an al*yl radical with ! to 4 
earnon atoms or an ar y l radical and mixtures of said 
olefins with ethylene, characterised in that the 

..i. carried out in liquid phes< 
polymerisation process is carriec 

1„ presence or not of an inert hydrocarbon solvent 
or in 9 a. Phase, in presence of a catalyst as def- 
ined in claims 3) and 4) . 

Polymers of alpha olefin, obtained with the process 
1 claim 5) ♦ 
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